The effect of oestrogen and progesterone on the proliferation of cultured bovine uterine epithelial and stromal cells was assessed. Epithelial and stromal cells recovered from cows at day 1 to day 3 of the oestrous cycle were cultured in RPMI medium supplemented with 5% steroid-free fetal calf serum for 4 and 8 days. The addition of progesterone to the culture medium altered the morphology of stromal cells. Oestradiol (0.1\p=n-\10 nmol 1\ m=-\ 1) and progesterone (50 nmol l \ m=-\ 1 ) significantly increased the total DNA (from 9.6 \ m=+-\ 0.96 to 25.6 \ m=+-\ 0.99 \g=m\gper well, P< 0.001) and protein content (from 76.6 \ m=+-\ 2.6 to 125.8 \ m=+-\ 2.6 \ g=m\ g per well, P < 0.001) and decreased the ratio of protein to DNA (from 8.0 \ m=+-\ 0.24 to 4.9 \ m=+-\ 0.24, P< 0.01) in stromal cells during the first 4 days. During the second 4 days, the relative percentages of increase in DNA content were not affected by steroids, indicating that the major effect of steroids on stromal cell proliferation was exerted during the first 4 days of incubation. The morphology of epithelial cells was not influenced by the addition of steroids. DNA content of epithelial cells was reduced by the addition of oestrogen (from 22.9 \m=+-\2.1to 15.0 \ m=+-\2.0 \g=m\gper well, P< 0.01), but not progesterone ( (Nalbandov, 1976). Progesterone and oestradiol are also responsible for maintaining synchrony between the embryo and the endometrium (Wilmut et al., 1985) and play an important role in regulating prostaglandin release at luteolysis (McCracken et al, 1984; Lafrance and Goff, 1988 (Conti et al, 1981; Irwin et al, 1991; Watson et al, 1994 (Chegini et al, 1992). A lack of eiïect by oestradiol and progesterone on the proliferation of endometrial, epithelial and stromal cells from rodents and humans has been reported (Iguchi et al, 1983; Tomooka and McLachlan, 1986; Irwin et al, 1989; Chegini et al, 1992; Rossi et al, 1992). It (Fig. 1) (Fig. 2) . Instead of the homogeneous distribution of cells seen in control or oestradiol-treated groups (Fig. 2a, b) , the progesterone-treated cells migrated together to form many star-shaped colonies (Fig. 2c) . The appearance of these colonies was more dense (Fig. 2d) (Fig. 3a) . The effect of oestradiol was dose depen¬ dent with the maximum dose being between 1 and 10 nmol 1~. Progesterone stimulated DNA content to a greater degree than oestradiol (P < 0.001) and the effect of progesterone was not modified by oestradiol, indicating no interaction between these two hormones.
Introduction
The endometrium undergoes major histological and biochemi¬ cal changes during the oestrous cycle. These changes are induced by progesterone and oestradiol and are necessary to provide a suitable environment for embryo development in the pregnant animal. There are marked morphological changes in the endometrium, such as an increase in the thickness and growth of the glands during the oestrous cycle in ruminants (Nalbandov, 1976) . Progesterone and oestradiol are also responsible for maintaining synchrony between the embryo and the endometrium (Wilmut et al., 1985) and play an important role in regulating prostaglandin release at luteolysis (McCracken et al, 1984;  Lafrance and Goff, 1988 (Johnson et al, 1997) . The proliferation and differentiation of uterine epithelial and stromal cells are controlled primarily by oestradiol and proges¬ terone (Conti et al, 1981; Irwin et al, 1991; Watson et al, 1994) . However, the growth and differentiation responses to these hormones in the different endometrial cell types are not yet fully understood. Furthermore, the effect of oestradiol and progesterone on uterine endometrial proliferation observed in vitro is inconsistent and depends on experimental conditions, such as the presence of serum and the purity of the isolated cell population. Oestradiol, progesterone or their combination stimulate the growth of human endometrial cells (Pavlik and Katzenellenbogen, 1978) and isolated stromal cells (Irwin et al, 1991) cultured in the presence of a steroid-free calf serum. In combination, but not separately, oestradiol and progesterone significantly increased [ Hjthymidine incorporation by human endometrial stromal cells in serum-free medium (Chegini et al, 1992) . A lack of eiïect by oestradiol and progesterone on the proliferation of endometrial, epithelial and stromal cells from rodents and humans has been reported (Iguchi et al, 1983; Tomooka and McLachlan, 1986; Irwin et al, 1989; Chegini et al, 1992; Rossi et al, 1992) . It has been suggested that this lack of oestradiol may be due to the absence of growth factors, such as insulin (Van der Burg et al, 1988) , insulin-related polypeptides (Murphy et al, 1987) and epidermal growth factor (Mukku and Stancel, 1985; Di Augustine et al, 1988) .
These factors are considered to be potential mediators of oestrogen-induced proliferation. Inhibitory effects of oestrogen on the proliferation of guinea-pig (Alkhalaf et al, 1991) and human (Marshburn et al, 1994) endometrial glandular epithelium have also been reported.
We have previously shown that progesterone and oestradiol can alter prostaglandin secretion from epithelial and stromal cells isolated from bovine endometria (Bergeron and Goff, 1993; Asselin et al, 1996) . However, little information is available on the effect of these hormones on bovine endo¬ metrial cell proliferation. Although oestradiol is uterotropic in vivo, no effect of oestradiol has been observed on the growth of bovine endometrial cells in vitro (Tiemann et al, 1994; Asselin and Fortier, 1996) . The (Fig. 2) . Instead of the homogeneous distribution of cells seen in control or oestradiol-treated groups (Fig. 2a, b) , the progesterone-treated cells migrated together to form many star-shaped colonies (Fig. 2c) . The appearance of these colonies was more dense (Fig. 2d) (Fig. 3a) . The effect of oestradiol was dose depen¬ dent with the maximum dose being between 1 and 10 nmol 1~. Progesterone stimulated DNA content to a greater degree than oestradiol (P < 0.001) and the effect of progesterone was not modified by oestradiol, indicating no interaction between these two hormones.
The total protein content of stromal cells measured after 4 days of incubation followed the same pattern as the DNA content (Fig. 3b) The results of the ANOVA for DNA content, protein content and the ratio of protein to DNA showed that the effects of hormone treatments, duration of culture, and the interaction between treatments and duration were significant (P < 0.01) (Fig. 6) . The DNA content did not change between days 4 and 8 in the epithelial cells treated with oestra¬ diol (1 nmol 1~x ) or progesterone (50 nmol 1~' ) plus oestradiol (1 nmol l-1) (P> 0.05) (Fig. 6a) (Fig. 6b) . After 4 days of incubation there was no effect of treatment on the protein: DNA ratio (Fig. 6c) . However, after 8 days of incubation, this ratio was increased significantly by the presence of oestradiol (1 nmol 1~) , either alone, or in combination with progesterone (Fig. 6c) Bars with different letters are significantly different (P< 0.01).
[3H]thymidine incorporation and true cell proliferation have been reported (Friedman et al, 1981; Jozan et al, 1983 Jozan et al, , 1985 (Eide, 1975; Kirkland et al, 1979; Pollard, 1990) , but not in adult rats and mice (Quarmby and Korach, 1984; Pollard, 1990 (Bergqvist, 1991; Prentice et al, 1992 (McCormack, 1980) 
